ABSTRACT: The horse flies of El Tarf Province, northeastern Algeria comprise 15 species within two subfamilies (Chrysopsinae and Tabaninae) belonging to five genera (Atylotus, Chrysops, Dasyrhamphis, Haematopota, and Tabanus). The genera Chrysops, Dasyrhamphis, and Haematopota are represented by two species for each, while the genera Atylotus and Tabanus are represented by four and five species, respectively.
INTRODUCTION
Horse flies are hematophagous dipterans that feed on a wide variety of mammals (Chvala et al. 1972) . They act as biological or mechanical vectors for several pathogens, including viruses, bacteria, protozoans, and helminths on humans and wild and domestic animals (Foil 1989 , Foil and Hogsette 1994 , Le Goff et al. 1991 , Vazzeille-Falcoz et al. 1997 , Baldacchino et al. 2014 . Also, horse flies cause economic losses in the dairy and beef industries. Exposed heifers gained less weight and were less efficient in feed utilization than those protected from horse flies (Perich et al. 1986 ). Several studies addressed the impact of meteorological factors on the seasonal abundance of horse flies. Temperature and rainfall were the most limiting factors on the population dynamics and emergences of horse flies (Yagi and Razig 1972 , Al-Talafha et al. 2005 , Krčmar 2005 , Krčmar and Durbešic 1999 .
Little is known about the Tabanidae of Algeria. Our knowledge on this group is based on Surcouf (1913) and Leclerq and Maldès (1987) who reported a total of 49 species (six species of Pangoniinae, seven species of Chrysopsinae, and 36 species of Tabaninae) for continental Algeria. Trypanosoma evansi was found to infect camels in southeast Algeria (Bennoune et al. 2013 ). In addition, the tabanids of North Africa are still not fully studied; the most recent study discussed the horse flies of Morocco, with a total of 65 species (El Haouari et al. 2014a,b) . Fragmentary knowledge of the tabanids of Tunisia and Mauritania is scarce (Surcouf 1913 , Dia et al. 1998 ). The present study contributes to the knowledge of the horse fly fauna of northeastern Algeria and reports on the seasonal abundance of observed species.
MATERIALS AND METHODS

Study area
Horse flies were collected from four sites in El Tarf Province, northeastern Algeria. This included the Animal Park of Brabtia (36° 51ʹ 08.4˝ N, 08° 19ʹ 52.67˝ E), the Black Lake (36° 51' 17.48'' N, 08° 12' 20.07'' ), Zerizer (36° 43' 38" N, 07° 53' 41" E) , and Lac des Oiseaux (36° 46' 55.7'' N 08° 07'27.8'' E). These areas share a Mediterranean climate with an abundance of water bodies. Cattle farms are common around the four study sites. El Tarf Province receives around 700 mm of annual rainfall, with the highest amount during January and December. It declines after May, reaching its minimum in June to August (Figure 1 ). Maximum temperature reaches its highest during August (32.9° C), while over 20° C and less than 30° C during April to June.
Trapping
Trapping was conducted using Nzi and locally made H-Trap traps. Two traps of each type were used in each sampling site. The locally made H-trap consisted of a black and brilliant plastic sphere surrounded by a conical mesh. The Nzi traps were as described by Mihok (2002) . The duration of the study lasted from mid-March until the end of September, 2017. Traps were inspected after eight to 12 h every day for a total 55 days. Traps were placed about 500 m apart at each site.
Species identification
Specimens were identified based on Leclercq (1960 Leclercq ( , 1967 and Chvála et al. (1972) . Systematic treatments were adopted as in Chvála et al. (1972) . We also used a collection made at the University Paul-Valéry Montpellier by F. Baldacchino. Representative specimens were also sent to Théo Zeegers (Netherlands) to confirm their identifications. Specimens are deposited at the Ecology of Terrestrial and Aquatic Systems Laboratory, Department of Biology, Badji Mokhtar University, Annaba, Algeria and University Paul-Valéry, Montpellier, France. Because of the current uncertainty for the identification of the species of the genus Haematopota, we limited ourselves to the separation of the groups of species pluvialis and italica, from our nomination H. pluvialis s.l. and H. italica s.l. We measured the total species richness (total number of species recorded), Simpson's diversity index, and Simpson's evenness index for each site.
RESULTS
Species diversity and distribution
In total, 1,642 horse flies were collected over the study period, representing two subfamilies (Chrysopsinae and Tabaninae) with 15 species belonging to five genera (Atylotus, Chrysops, Dasyrhamphis, Haematopota, and Tabanus). The genera Chrysops, Dasyrhamphis, and Haematopota are represented by two species for each, while the genera Atylotus and Tabanus are represented by four and five species, respectively. By site, Zerizer had the highest number of species (13), followed by Lac des Oiseaux (12), Black Lake (11), and Animal Park of Brabtia (10). For the total number of horse flies recovered, Zerizer ranked first with 45%, followed by Lac des Oiseaux (30.4%), Black Lake (14.45%), and finally Animal Park of Brabtia (10.15%). However, variation in species abundance was highest in Zerizer and lowest in Black lake (Table 1) . Atylotus agrestis was the most common species in Zerizer with a total of 407 specimens (83.92%), while H. pulvialis was most prevalent in Lac des Oiseaux (260 specimens; 72.62%). On the other hand, T. automnalis was the most abundant species in the Black Lake (95 specimens, 33.68%) and Animal Park of Brabtia (72 specimens, 25.53%).
LIST OF RECORDED SPECIES IN THIS STUDY
Subfamily Chrysopsinae
Chrysops flavipes Meigen, 1804
This is a West Palearctic species with distribution range extending across North Africa, southern Europe, the Middle East, and reaching as far as central Asia (Müller et al. 2012) . It was collected from cattle near Fetzara Lake south of Annaba (Leclercq and Maldès 1987) . In this study, a total of 71 flies were trapped accounting for 4.3% of the collected horse flies. By site, it was trapped in the Animal Park of Brabtia (1), Zerizer (52), and the Black Lake (18).
Chrysops mauritanicus Costa, 1893
This is an endemic species to Al Maghrib countries; Algeria, Morocco, and Tunisia Maldès 1987, El Haouari et al. 2014 ). Thirty-nine (2.4%) specimens were collected. It was found in the Black Lake (10) and Zerizer (29). 
Subfamily Tabaninae
Atylotus agrestis (Wiedemann, 1828) This is an Afrotropical species reaching as far as western Arabia (Müller et al. 2012) . It was previously collected from southern Mauritania and constituted the most common species (Dia et al. 1998 ). In the Sudan, its appearance is associated with the end of the rainy season (Yagi and Abdel Razig 1972) . This is a new record for the tabanids of Algeria; it was not listed in Leclercq and Maldès (1987) . It was the most common species and accounted for 29.6% (485) of collected specimens. The highest number was recorded from Zerizer (407), while 17, 28, and 39 from the Animal Park of Brabtia, the Black Lake, and Lac des Oiseaux, respectively.
Atylotus flavoguttatus (Szilády, 1915)
This species is considered as an Afro-Eurasian arid tabanid (Krčmar et al. 2010 ). Twenty four (1.5%) specimens were collected from Zerizer (23) and the Animal Park of Brabtia (1).
Atylotus fulvus (Meigen, 1804)
It was reported from Morocco (El Haouari et al. 2014 ). Atylotus fulvus is a Palaearctic species with wide distribution range in Europe reaching as far as Russia (Chvala et al. 1972 ). This is a new record for the tabanids of Algeria; it was not listed in Leclercq and Maldès (1987) . A total of 69 (4.2%) specimens were collected from Zerizer (64) and Lac des Oiseaux (5).
Atylotus kroberi (Surcouf, 1923)
This species was originally described from Ourir oasis, south Constantine (Surcouf 1923) . This species was reported from Morocco by Leclercq and Maldès (1987) , however, it was not listed in El Haouari et al. (2014) . Fifty-eight (3.6%) specimens were collected from Zerizer (52) and Lac des Oiseaux (6).
Dasyrhamphis tomentosus (Macquart, 1846)
This species was recorded from North Africa and France (Chvala et al. 1972) . Twenty-seven (1.7%) specimens were collected: two from the Animal Park of Brabtia, three from the Black Lake, nine from Lac des Oiseaux, and 13 from Zerizer.
Dasyrhamphis algirus (Macquart, 1838)
Known from Morocco and Algeria Maldès 1987, El Haouari et al. 2014) . Collected previously from the Great Kabylia in Akfa Forest (Leclercq and Maldès 1987) . This was the least trapped horse fly. A total of six specimens (0.4%) were collected: one from Lac des Oiseaux and five from the Black Lake.
Haematopota italica s.l. Meigen, 1804
This is a wide-spread species ranging from the western half of the Palearctic Region, reaching as far as eastern to
Tabanus nemoralis Meigen, 1820
This is a Mediterranean species reported from Portugal, Spain, France, Italy, Macedonia, Bosnia and Herzegovina, Morocco, Algeria, Tunisia, and Libya (Portillo 1986a , Krčmar et al. 2002 . It was collected from several localities in Algeria, including El Meridj around Constantine, Massif de Blida, El Alem, Djurdjura Massif, and Massif of Aurès (Leclercq and Maldès 1987) . Twenty-six specimens (1.5%) were collected from Lac des Oiseaux.
Tabanus bromius Linnaeus 1758
This species has a wide range of distribution across Europe, North Africa, and the Near and Middle East reaching as far as Kazakhstan (Portillo 1986a) . A total of 19 (1.2%) specimens were collected: one from Zerizer, two from the Black Lake and the Animal Park of Brabtia each, and 14 from Lac des Oiseaux.
Tabanus eggeri (Schiner, 1868)
A circum Mediterranean species with a distribution range extending from Portugal, southern France to Albania, east to Turkey, and North Africa (Portillo 1986a) . A total of 36 (2.2%) specimens were collected: one from Zerizer and Lac des Oiseaux each, 15 from the Animal Park of Brabtia, and 19 from the Black Lake.
Tabanus tinctus Walker 1850
The distribution range of this species extends from southern Europe, North Africa and Turkey, to the Caucasus and Azerbaijan (Portillo 1986a) . Thirty-one (1.89%) specimens were trapped from collected from Zerizer (1), Lac des Oiseaux (2), the Animal Park of Brabtia (9) and the Black Lake (19).
Seasonal abundance
All species emerged after March. Both H. pluvialis and T. autumnalis appeared in April and lasted until September with a peak in May. Atylotus agrestis appeared in May with the highest density and lasted until September (Figure 2) . Atylotus fulvus, A. kroberi, and H. italica emerged in April, with peaks in May, while C. flavipes appeared in March, reaching its peak in May and June, declining in July, and disappearing thereafter (Figure 3) . Atylotus flavoguttatus, C. mauritanicus, and D. tomentosus appeared in April with a peak in June, then disappeared in August (Figure 4) . Tabanus nemoralis started to appear in April, with a peak in May and disappeared after July. Dasyrhamphis algirus, T. bromius, and T. eggeri started to appear in May, both T. eggeri and D. algirus peaked in June and July, whereas T. eggeri lasted until the end of September. Tabanus tinctus was observed in June, with a peak in August and lasted until September (Figure 5 ).
DISCUSSION
The present study adds three additional species to the horse fly fauna of Algeria (A. agrestis, A. fulvus, and H. pluvialis) , raising the total tabanids of Algeria to 52 species. Indeed, the horse flies are still not fully studied taking into account the large area of Algeria. Most of the previous studies (Surcouf 1913, Leclerq and Maldès 1987) as well as the present study focused on the northern parts of Algeria. This requires further investigation to the southern parts as well as other habitats along the inner Atlas Mountains. The structure of the landscape also has an influence on the distribution of horseflies. Open or semi-open zones are preferential environments for Tabanidae, since they are situated at a lower distance of larval habitats, areas to search for hosts and for resting shelters for adults (Kingston et al. 1986 , Barros 2001 , Andreeva et al. 2009 ). We note that during summer, larvae breeding grounds which are located at the edges of lakes or water sources become drier and inhibit the continuation of the development cycle of these insects.
Seasonal abundance of horse flies varies along their distribution range. Their emergence is related to meteorological factors (rainfall and temperature) (Krčmar 2005) . It is also related to geographical latitude (Chvala et al. 1972) . It reflects the breeding pattern for a specific species and its response to the surrounding physical environment (AlTalafha et al. 2005) . Most species emerged after the rainfall season from January to February and after the maximum temperature exceeded 20° C (Figure 1) . A similar patterns for T. bromius was observed in Croatia, where highest densities were recorded in June, declined in August, and disappeared in September (Krčmar et al. 2006) . Tabanus autumnalis reached its peak in May in this study, but in June in the Mediterranean part of Croatia and in July in the eastern part of Croatia (Krčmar and Durbešić 1999, Krčmar 2005) . Atylotus agrestis was most common in May and June, and reached its lowest abundance in September. In the Sudan its highest abundance was recorded in September and October after the rainy season (Yagi and Abdel Razig 1972) and in October in Mauritania (Dia et al. 1998) .
Tabanus eggeri was most abundant in May and June but most common in July in Mediterranean Croatia (Krčmar and Durbešic 1999) . In the study area, T. tinctus was most common in August, while in Mediterranean Croatia it reached its peak in July (Krčmar and Durbešic 1999) . In the present study, H. pluvialis reached its highest abundance in May, reaching its lowest abundance in September. In Croatia, this species was most abundant in June and July over the twoyear period (Krčmar et al. 2006) . Haematopota italica was common in May, while in Mediterranean Croatia it was very abundant in August (Krčmar and Durbešic 1999) . Chrysops flavipes was abundant in June in Mediterranean Croatia (Krčmar and Durbešic 1999) , while it reached its peak in May and June in the study area. Further studies should focus on host associations and the relation to abiotic factors over time to predict outbreaks of horse flies, and relate them to arthropod-borne diseases.
